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PLASTICALLY DEFORMING AND RADIALLY EXPANDING A TUBULAR 



NfEMBER 



Background of the Invention 
This invention relates generally to wellbore casings, and in particular to 



5 wellbore casings that are formed usmg expandable tubing. 

Conventionally, when a wellbore is created, a number of casings are installed 
in the borehole to prevent collapse of the borehole wall and to prevent undesired 
outflow of drilling fluid into fte formation or inflow of fluid from the formation into 
tfie borehole. The borehole is drilled in intervals whereby a casing which is to be 

1 0 installed in a lower borehole interval is lowered ftroug^ a previously installed 

casing of an upper borehole int^al. As a consequence of this procedure the casing 
of the lower interval is of smaller diameter than the casing of the upper interval. 
Thus, the casings are in a nested airangement with casing diameters decreasing in 
downward direction. Cement annuli are provided between the outer surfaces of the 

15 casings and Ae borehole wall to seal the casings from the borehole wall. As a 
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consequence of this nested arrangement a relatively large borehole diameter is 
required at the upper part of the wellbore. Such a large borehole diameter involves 




increased costs due to heavy casing handling equipment, large drill bits and 
increased volumes of drilling fluid and drill cuttings. Moreover, increased drilling 
: 20 rig time is involved due to required cement pumping, cenient hardening, required 



equipment changes due to large variations in hole diameters drilled in the course of 
the well, and the large volume of cuttings drilled and removed. 



The present invmtion is directed to overcoming one or more of the 
limitations of the existing procedures for forming wellbores. 
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Summary of the Invention 



According to one aspect of the invention there is provided an qyparatus for 
plastically deforming and radially expanding a tubular member, comprising: 
means for plastically deforming and radially expanding a first portion of flie tubular 
member to a first outside diameter, and 
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means for plastically deforming and radially expanding a second portion of the 



1 



tubular member to a second outside diameter; 

wherein the means for plastically deforming and radially expanding the first 
portion of the tubular member to the first outside diameter is firangible. 

According to anotfier aspect of the present invention there is provided an 
^aratus for plastically deforming and radially expanding a tubular member, 
conqmsing: 

means for plastically defomung and radially expanding a first portion of the 
tubular member to a first outside diameter, and 

means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter; 

wherein the means for plastically deforming and radially expanding die first 
portion of tfie tubular member to the first outside diameter is elastic* 

According to anottier aspect of the present invention there is provided an 
apparatus for forming a wellbore casing within a wellbore, conqmsing: 

means for supporting a tubular member within the wellbore; 

means for plastically deforming and radially expanding a first portion of the 
tubular member to a first outside diameter, and 

means for plastically deforming and radially expanding a second portion of die 
tubular member to a second outside diameter; 

wherein the means for plastically deforming and radially expanding the first 
portion of the tubular member to the first outside diameter is firangible. 

According to another aspect of tiie present invention there is provided an 
apparatus for fcnmrng a wellbore casing witiiin a wellbore, conqmsing: 

means for siqjporting a tubular memb^ within ib& wellbore; 

means for plastically deforming and radially expanding a first portion of the 
tubular member to a first outside diameter; and 

means for plastically defpmiing and radially expanding a second portion of tfie 
tubular member to a second outside diameter, 

wherein the means for plastically defcmning and radially expanding the first 
portion of the tubular member to the first outside diameter is elastic. 



The invention will now be described with reference to the acconq)anying 
drawings, in which Figures la to 4 show embodiments of the invention. The other 
drawings are included for illustrative purposes only. 
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5 Brief Desoiption of the Drawings 

Fig. la is a cross sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. lb is a cross-sectional illustration of the placement of an apparatus for 
radially expanding a tubular member into the wellbore of Fig. la. 
10 Fig. Ic is a cross-sectional illustration of the injection of fluidic materials 

through the apparatus of Fig. lb. 

Fig. Id is a cross-sectional illustration of the injection of hardenable fluidic 
sealing materials through the tqiparatus of Fig. 1 c. 

Fig. le is a cross-sectional illustration of the pressurization of the region 
15 below the expansion cone of tiie apparatus of Fig. Id. 

Fig. If is a cross-sectional illustration of the continued pressurization of the 
region below tiie expansion cone of the apparatus of Fig. le. 

Fig. Ig is a cross-sectional illustration of the continued pressurization of the 
region below the expansion cone of the ^aratus of Fig. If following tiie removal 
20 of tiie over-expansion sleeve. 

Fig. Ih is a ax)ss-sectional illustration of the completion of the radial 
expansion of the expandable tubular member of the apparatus of Fig. Ig. 

Fig. li is a cross-sectional illustration of the drilling out of a new section of 
the wellbore below the q>paratus of Fig. Ih. 
25 Fig. Ij is a cross-sectional ilhistration of tiie radial expansion of another 

expandable tubular member that overly with tiie apparatus of Fig. li. 

Fig. Ik is a cross-sectional illustration of the secondary radial expansion of 
the other expandable tubular member of tiie apparatus of Fig. 11. 
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Fig. 11 is a cross-sectional illustration of the completion of the secondary 
radial expansion of the other expandable tubular member of Fig. Ik to form a mono- 
diameter wetlbore casing. 

Fig. 2a is a cross sectional illustration of a wellbore including a preexisting 
5 wellbore casing. 

Fig. 2b is a cross-sectional illustration of tiie placement of an apparatus for 
radially expanding a tubular member into the wellbore of Fig. 2a. 

Fig. 2c is a cross-sectional illustration of the injection of fluidic materials 
throu^ the apparatus of Fig. 2b. 
1 0 Fig. 2d is a cross-sectional illustration of the injection of hardenable fluidic 

sealing materials through the apparatus of Fig. 2c. 

Fig. 2e is a aross-sectional illustration of the pressurization of the region 
below the expansion cone of the cqpparatus of Fig. 2d. 

Fig. 2f is a cross-sectional illustration of the continued pressurization of the 
1 5 regim below the expansion cone of tiie qyparatus of Fig. 2e. 

Fig. 2g is a cross-sectional illustration of the conq)letion of the radial 
expansion of the expandable tubular member of the apparatus of Fig. 2f. 

Fig. 2h is a cross-sectional ilhistration of the drilling out of a new section of 
the wellbore below tiie apparatus of Fig. 2g. 
20 Fig. 2i is a cross-sectional illustration of the radial expansion of another 

expandable tubular member that ov^lcqra witii ttie apparatus of Fig. 2h. 

Fig. 2j is a cross-sectional illustration of the secondary radial expansion of 
the otiier expandable tubular member of tiie q>paratus of Fig. 2i. 

Fig. 2k is a cross-sectional illustration of tiie con:q>letion of the secondary 
25 radial expansion of the other expandable tubular member of Fig. 2j to form a mono- 
diameter wellbore casing. 

Fig. 3 is a cross-sectional illustration of the apparatus of Fig. 2b illustrating 
the design and construction of the over-expansion insert 

Fig. 3a is a ax>ss-sectionat illustration of an alternative arrangement of the 
30 over-expansion insert of Fig. 3. 
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Fig. 4 is a cross-sectional illustration of an alternative arrangennent of the 
apparatus of Fig. 2b including a resilient hook for retrieving the over-expansion 
insert 

Fig. Sa is a cross-sectional illustration of a wellbore including a preexisting 
5 wellbore casing. 

Fig. Sb is a cross-sectional illustration of the formation of a new section of 
wellbore casing in the wellbore of Fig. Sa. 

Fig. 5c is a fragmentary cross-sectional illustratioii of the placement of an 
mflatable bladder into the new section of the wellbore casing of Fig. Sb. 
1 0 Fig. Sd is a fragmentary cross-sectional illustration of the inflation of the 

inflatable bladder of Fig. Sc. 

Fig. Se is a cross-sectional illustration of the new section of wellbore casing 
of Fig. 5d after over-expansion. 

Fig. Sf is a cross-sectional illustration of the new section of wellbore casing 
15 of Fig. Se after drilling out a new section of the wellbore. 

Fig. Sg is a cross-sectional illustration of the formation of a mono-diameter 
wellbore casing that includes the new section of the wellbore casing and an 
additicmal section of wellbore casing. 

Fig. 6a is a cross-sectional illustration of a wellbore including a preexisting 
20 wellbore casing. 

Fig. 6b is a cross-sectional illustration of the formation of a new section of 
wellbore casing in the wellbore of Fig. 6a. 

Fig. 6c is a fragmentary CTOSS-sectional illustration of the placen»it of a 
roller radial expansion device into the new section of the wellbore casing of Fig. 6b. 
25 Fig. 6d is a cross-sectional illustration of the new section of wellbore casing 

of Fig. 6c after over-expansion. 

Fig. 6e is a cross-sectional illustration of the new section of wellbore casing 
of Fig. 6d after drilling out a new section of the wellbore. 
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Fig. 6f is a cross-sectional illustration of the formation of a mono-diameter 
wellbore casing that includes the new section of the wellbore casing and an 
additional section of wellbore casing. 

Fig. 7a is a cross sectional illustration of a wellbore including a preexisting 
5 wellbore casing. 

Fig. 7b is a cross-sectional illustration of the placement of an apparatus for 
radially expanding a tubular member into the wellbore of Fig. 7a. 

Fig. 7c is a cross-sectional illustration of the injection of fluidic materials 
through the apparatus of Fig. 7b. 
10 Fig. 7d is a CTOss-sectional illustration of the injection of hardenable fluidic 

sealing materials through the apparatus of Fig. 7c. 

Fig. 7e is a cross-sectional illustration of the pressurizati<m of the region 
below the expansion cone of the if>paratus of Fig. 7d. 

Fig. 7f is a cross-sectional illustration of the continued pressurization of the 
15 region below the expansion cone of the ^aratus of Fig. 7e. 

* I!! ! * Fig. 7g is a cross-sectional illustration of the completion of die radial 

• • • • expansion of the expandable tubular member of the apparatus of Fig. 7f. 

• * Fig. 7h is a cross-sectional illustration of the drilling out of a new section of 

the wellbore below the apparatus of Fig. 7g. 
«••••• 20 Fig. 7i is a cross-sectional illustration of the completion of die radial 

r**I* expansion of another expandable tubular member to form a mono-diameter wellbore 

casing. 

Fig. 8a is oioss-sectional illustration of an wellbore including a preexisting 
section of wellbore casing having a recessed portion. 
25 Fig. 8b is a cross-sectional illustration of die placement of an qyparatus for 

radiaUy expanding a tubular member within the wellbore of Fig. 8a. 

Fig. 8c is a CTOSs-sectional illustration of the injecticm of fluidic materials 
through die apparatus of Fig. 8b. 

Fig. 8d is a cross-sectional illustration of the injection of a hardenable fluidic 
30 sealing material through the apparatus of Fig. 8c. 
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Fig. 8e is cross*sectional illustration of tiie isolation of the region below the 
expansion cone and witfiin the expansion cone launcher of the apparatus of Fig. 8d. 

Fig. 8f is a cross-sectional illustration of the plastic deformation and radial 
expansion of the upper portion of the expandable tubular member of the ^>paratus of 
5 Fig. 8e. 

Fig. 8g is a cross-sectional illustration of tiie removal of ttie upper expansion 
cone from the wellbore of fig. 8f. 

Fig. 8h is a oross-sectional illustration of tiie continued pressurization of the 
region below the expansion cone of the apparatus of Fig. 8g to thereby plastically 
10 deform and radially expand the expansion cone launcher and expandable tubular 
member. 

Fig. 8i is a cross-sectional illustration of the conq)letion of the initial radial 
expansion process of the iqyparatus of Fig. 8h. 

Fig. 8j is a cross-sectional illustration of the furttier radial expansion of the 
15 apparatus of Fig. 8i in order to form a mono-diameter wellbore casing. 

Fig. 9a is a cross-sectional illustration of a wellbore including upper and 
lower preexisting wellbore casings that are separated by an axial gap. 

Fig. 9b is a cross-sectional illustration of the coupling of a tubular member to 
tfie imposing ends of the wellbore casings of Fig. 9a. 
20 Fig. 9c is a fragmentary cross-sectional illustration of the placement of a 

radial expansion device into the tubular member of Fig. 9b. 

Fig. 9d is a fragmentary CToss-sectional illustration of the actuation of the 
radial expansion device of Fig. 9c. 

Fig. 9e is a cross-sectional of a mono-diameter wellbore casing generated by 
25 the actuation of the radial expansion device of Fig. 9d 

Fig. 10 is a cross-sectional illustration of a mono-diameter wellbore casing 
that includes a plurality of layers of radially expanded tubular members along at 
least a portion of the its length. 

Fig. 1 1 a is a cross-sectional illustration of a wellbore including a casing 
30 formed by plastically deforming and radially expanding a fn^ tubular member. 
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Fig. 1 lb is a cross-sectional illustration of a wellbore including another 
casing coupled to the preexisting casing by plastically deforming and radially 
expanding a second tubular member. 

Fig. 1 1 c is a cross-secticmal illustration of a mono-diameter wellbore casing 
formed by radially expanding the second tubular member a second time. 

Detailed Description 

Several arrangements of methods and q^)aratus for forming a mono-diameter 
wellbore casing are disclosed. In several alternative arrangements, tiie methods and 
apparatus may be used for form or repair mono-diameter wellbore casings, 
pipelines, or structural supports. Furthermore, while the present illustrative 
arrangements are desoibed v/ifti reference to the formation of mono-diameter 
wellbore casings, the teachings of the present disclosure have general application to 
the formation or repair of wellbore casings, pipelines, and stnictural supports. 

Referring initially to Fig. la, a wellbore 10 includes a preexisting wellbore 
casing 15. The wellbore 10 may be oriented in any orientation from tfie vertical to 
the horizontal. The preexisting wellbore casing 1 S may be coupled to the upper 
portion of the wellbore 10 usmg any numb^ of conventional methods. In a 
preferred arrangement, the wellbore casing IS is coupled to the upper portion of the 
wellbore 10 using one or more of tiie meAods and apparatus disclosed in one or 
more of the following: (1) U.S. patent application serial no. 09/454,139, attorney 
docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 
09/5 10,91 3, attorney docket no. 25791 .7.02, filed on 2/23/2000, (3) U.S. patent 
application serial no. 09/502350, attorney docket no. 25791.8.02, filed on 
2/10/2000, (4) U.S. patent application serial no. 09/440338, attorney docket no. 
25791.9.02, filed on 1 1/15/1999, (5) U.S. patent application serial no. 09/523,460, 
attorney docket no. 25791.1 1.02, filed on 3/10/2000, {€) U.S. patmt application 
serial no. 09/512,895, attomey docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. 
patent application serial no. 09/5 1 1,941, attomey dodcet no. 25791.16.02. filed on 
2/24/2000, (8) U.S. patent application serial no. 09/588,946, attomey docket no. 
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25791.17.02, filed on 6/7/2000, (9) U.S, patent application serial no. 09/559,122, 
attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent application 
serial no. PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 7/9/2000, 
(1 1) U.S. i^visiraal patent application serial no. 60/162,671 , attorney docket no. 
5 25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent application serial no. 
60/154,047. attorney docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional 
patent application serial no. 60/159,082, attorney docket no. 25791.34, filed on 
10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attorney 
docket no. 25791.36, filed on 10/12/1999, (15) U.S. provisional patent application 

10 serial no. 60/159,033, attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. 

provisional patent application serial no. attorney docket no. 

25791 .38, filed on 6/19/2000, (17) U.S. provisional patent plication serial no. 
60/165,228, attorney docket no, 25791.39, filed on 1 1/12/1999, (18) U.S. 
provisional patent cqjplication serial no. , attorney docket no. 

15 25791.45, filed on 7/28/2000, (19) U.S. i»x)vi5ional patent iq^plication serial no. 

, attorney docket no. 25791 .46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. , attorney docket no. 

25791.47, filed on 9/18/2000, the disclosures of which aro incorporated herein by 
reference. More generally, the preexisting wellbore casing 1 5 may be coiq)led to 

20 anotfter preexisting wellbore casing and/or may include one or more concentrically 
positioned tulnilar members. 

Referring to Fig. lb, an apparatus 100 for radially expanding a tubiilar 
member may tiien be positioned wilhm the wellbore 10. The apparatus 100 includes 
a tubular support member 105 defining a passage 1 10 for conveying fluidic 

25 materials. An expansion cone 115 defining a passage 120 and having an outer 

conical sur&ce 125 for radially expanding tubular members is coupled to an end of 
the tubular support member 105. An annular conical over-expansion sleeve 130 
mates witii and is removably coupled to the outer conical surface 125 of &e 
expansion cone 1 15. In several alternative arrangemoits, the over-expansion sleeve 

30 130 is &bricated from fiwgible materials such as, for exan^>le, cmmic materials, in 
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order to &cilitate the removal of the over-eTcpansion sleeve during operation of die 
apparatus 1 00. bi this manner, the amount of radial expansion provided by tfie 
apparatus may be deceased following ttie removal of the over-expansion sleeve 
130. 

5 An expansion cone launcher 135 is movably coupled to and supported by the 

expansion cone 1 IS and the over-expansion sleeve 130. The expansion cone 
launch 135 include an upper portion having an upper outer diameter, an 
intomediate portion ttiat nutes wifli the expansion cone 115 and the over-expansion 
sleeve 130, an a lower portion having a lower outer diameter. The lower outer 
1 0 diameter is greater than the upper outer diameter. A shoe 140 defining a valveable 
passage 145 is coupled to the lower portion of the expansion cone launcher 135. 
The valveable passage 145 may be controUably closed in order to fluidicly isolate a 
region 150 below the expansion cone 1 1 5 and bounded by the lower portion of the 
expansion cone launcher 135 and the shoe 140 from the region outside of the 
iSl* 15 ^jparatus 100. 

An expandable tubular member 155 is coupled to the upper portion of the 
expansion cone launcher 135. One or more sealing members 160a and 160b are 
coupled to the exterior of the iq>per portion of the expandable tubular member 1 55. 
The sealing members 160a and 160b may include elastomeric elements and/or 
: 20 metallic elements and/or conqx>site elements. Alternatively, one or more anchoring 
elements may substituted for, or used in addition to, the sealing members 160a and 
160b. 

In a preferred arrangement, the support member 105, die expansion cone 115, 
the eTqmnsion cone launcher 135, the shoe 140, and the expandable tubular member 
25 1 55 are provided substantially as disclosed m one or more of die »rlier mentioned 
ax>ss-Teferenced applications, die disclosures of which are incorporated herein by 
reference. 

As illustrated in Fig. lb, during placement of die apparatus 100 within the 
wellbore 10, fluidic materials 165 within the wellbore 10 are conveyed through the 
30 apparatus 100 through the passages 1 10, 120 and 145 to a location above the 
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apparatus 100. In this manner, surge pressures during placement of the apparatus 
100 within the wellbore 10 are reduced. The apparatus 100 is initially positioned 
within ttie wellbore 10 such that the top portion of the tubular member ISS overlaps 
with die preexisting casing 1 S. In this manner, the upper portion of the expandable 
5 tubular member 1 55 may be radially expanded into contact widi and coupled to the 
preexisting casing 1 5. As will be recognized by persons bavmg ordinary skill in the 
art, die precise initial position of the expandable tubular member 155 will vary as a 
function of the amount of radial expansion, the amount of axial shrinkage during 
radial expansion, and the material properties of the expandable tubular member. 
1 0 As illustrated in Fig. 1 c, a fluidic material 1 70 may then be injected through 

the iq)paratus 100 through the passages 110, 120, and 145 in order to test the proper 
operation of these passages. 

As illustrated in Fig. Id, a hardenable fluidic sealing material 175 may then 
be injected dirou^ the apparatus 100 througli the passages 1 10, 120 and 145 into 
1 5 the annulus between the apparatus and die wellbore 10. In this manner, an annular 
barrier to fluid migration into and out of the wellbore 10 may be fbm^ around the 
radially expanded expansion cone launcher 135 and expandable tubular member 
155. The hardenable fluidic sealing material may include, for exanqjle, a cement 
mixture. Alternatively, the injection of the hardenable fluidic sealing material 175 
: 20 may be omitted. In several alternative arrangements, die hardenable fluidic sealing 
material 175 is conqiressible, before, during and/or after, the curing process. 

As illustrated in Fig. le, a non-hardenable fluidic material 180 may then be 
injected into die apparatus through die passages 1 10 and 120. A ball plug 185, or 
other similar device, may dien be injected with the fluidic material 180 to thmby 
25 seal off the passage 145. In this manner, the region 150 may be pressurized by the 
cmtinued injection of die fluidic matmal 180 into the apparatus 100. 

As illustrated in Fig. If, die continued injection of die fluidic material 180 
into die apparatus 100 causes die expansion cone launcher 135 and expandable 
tubular member 1 55 to be plastically deformed and radially expanded off of the 
30 over-expansion sleeve 130. In diis manner, the expansion cone 1 15 and over- 
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expansion sleeve 130 are displaced relative to ihe expansion cone launcher 135 and 
expandable tubular member 155 in the axial direction. 

After a predetermined time period and/or after a predetemfmied axial 
di^lacement of the expansion cone 1 1 5 relative to fte expansion cone launcher 135 
5 and expandable tubular membor 155, the over-expansion sleeve 130 may be 
removed fix>m the outer conical surface 125 of the expansion cone 1 15 by the 
iq>pUcation of a predetennined upward shock load to the support member 105. The 
shock load causes the frangible over-expansion sleeve 130 to fracture into small 
piec^ that are then forced off of tiie outer conical surface 125 of the expansion 
1 0 cone 1 1 5 by tfie continued pressurization of tiie region 1 50. The pieces of die over- 
expansion sleeve 130 are pulverized into grains of material by fte continued 
pressurization of tiie region 150. 

Referring to Fig. Ig, following the removal of the frangible over-expansion 
sleeve 130, fbt continued pressurization of the region 150 causes die expandable 
1 5 tubular member 1 55 to be plastically deformed and radially expanded and extruded 
off of die outer conical surface 125 of die expansion cone 115. Note that the amoimt 

« of radial expansion provided by the outer conical surface 125 of expansion cone 115 

• • • 

is less dian the amount of radial expansion provided by the combination of die over- 
expansion sleeve 130 and the expansion cone 115. In this manner, as illustrated in 
:***!* 20 Fig. lb, a recess 185 is formed m the radially expanded tubular member 155. 

After convicting the plastic deformation and radial expansion of die tubular 
member 1 55, the hardenable fluidic sealing material is allowed to cure to thereby 
form an annular body 1 90 that provides a barrier to fluid flow into or out of the 
wellbore 10. 

25 Referring to Fig. li, die shoe 140 may then removed by drilling out the shoe 

using a conventional drilling device. A new section of die wellbore 10 may also be 
drilled out in order to permit additional expandable tubular members to be coiq[>led 
to the bottom pcntion of the plastically deformed and radially expanded tubular 
member 155. 

12 
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Referring to Fig. Ij, a tubular member 200 may tben be plastically deformed 
and radially expanded using any number of conventional methods of radially 
expanding a tubular number. In a preferred arrangement, the upp^ portion of the 
radially expanded tubular meniber 200 overly with and mates with the recessed 
5 portion 185 of die tubular member ISS. One or more sealing members 20S are 
coiq)led to the exterior surface of die upper portion of die tubular meniber 200. The 
sealing members 20S seal the interface between the upper portion of die tubular 
member 200 and die recessed portion 1 85 of the tubular member 1 55. The sealing 
members 205 may include elastommc elements and/or metallic elements and/or 

1 0 composite elements. Altemati vely» one or more anchoring elements may substituted 
for, or used in addition to, the sealing members 205. An annular body 210 of a 
hardenable fluidic sealing material may also be formed around die tubular member 
200 using one or more conventional methods. 

In a prefored arrangerhent, the tubular member 200 is plastically deformed 

15 and radially expanded, and the annular body 210 is formed using one or more of the 
apparatus and methods disclosed in the earlier mentioned cross-referenced 
applications, the disclosures of which are incorporated hereui by reference. 

Alternatively, the annular body 2 1 0 may be omitted. In several alternative 
arrangements, the annular body 210 may be radially compressed before, during 

20 and/br after curing. 

Referring to Fig. Ik, an expansion cone 215 may dien be driven in a 
downward direction by fluid pressure and/or by a support meniber 220 to plastically 
deform and radially expand the tubular membo- 200 sudi diat the interior diameter 
of the tubular members 155 and 200 are substantially equal. In this manner, as 

25 ilhistrated m Fig. 1 1, a mono-diameter wellbore casmg may be formed. 

Referring to Figs. 2a and 2b, in an altmiative arrangen^t, an apparatus 300 
for radially e^qianding a tubular member may thm be positioned vnthin die wellbore 
10. The q>paratus 300 includes a tubular siqiportnranber 305 defi^ 
3 10 for conveying fluidic matmals. An expansion cone 315 defining a passage 320 

30 and having an outer conical surface 325 for radially expanding tubular members is 
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coupled to an end of the tubular support member 305. An annular conical over- 
expansion insert 330 mates mOx and is removably coupled to tfie outer conical 
surface 325 of tiie expansion cone 315. 

An expansion cone launcher 335 is movably coupled to and supported by the 
6 expansion cone 3 1 5 and tfie over-expansion insert 330. The expansion cone 
launcher 335 includes an upper pcMtion having an upper outer dian^ter, an 
intermediate portion diat mates with the expansion cone 3 1 5 and the over-expansion 
insert 330, an a lower portion having a lower outer diameter. The lower outer 
diameter is greater than the iq>per outer diameter. A shoe 340 defining a valveable 
10 passage 345 is coupled to the lower portion ofthe expansion cone launcher 335. 
The valveable passage 345 may be controllably closed in order to fluidicly isolate a 
region 350 below the expansion cone 315 and bounded by &e lower portion ofthe 
expansion cone launcher 335 and the shoe 340 from the region outside ofthe 
apparatus 300. 

15 In a preferred arrangement, as illustrated in Fig. 3, the over-expansion insert 



• • •m 
m m 



330 includes a plurality of spaced-q)ait arcuate inserts 330a, 330b, 330c and 330d 




that are positioned between die outer conical surfece 325 ofthe expansion cone 315 
and the inner surface of the intmnediate portion of die expansion cone launcher 335. 
In tfiis manner, the relative axial displacement of die expansion cone 315 and the 



• • • • 

: * 20 expansion cone launcher 335 will cause the expansion cone to over-expand die 



intennediate portion of the expansion cone launcher, hi this manner, a recess may 
be finmed m the radially expanded expansion cone launcher 335. The inserts 330a, 
330b, 330c, and 330d fall out of die recess and/or may be removed from die recess 
using a conventional retrieval tool upon the con^letion ofthe radial »q>ansion 



25 process. 



bi an alternative arrangement, as illustrated in Fig. 3a, the over expansion 
insert 330 further includes intermediate resilient members 33 la, 33 lb, 331c, and 
33 Id for resiUently coupUng die ins^ 330a, 330b, 330c, and 330d. In diis manner, 
upon the completion ofthe radial expansion process, die resilient force exerted by 
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ttie resilient meinbers 33 1 causes ttie over-eTcpansion insert to collapse in the radial 
direction and thereby &U out of the recess. 

An expandable tubular member 355 is coupled to the upp^ portion of the 
expansion cone launcher 33S. One or more sealing members 360a and 360b are 
5 coupled to the exterior of the i^Tper portion of tfie expandable tubidar meniber 355 . 
The sealing members 360a and 360b may include elastomeric elements and/or 
metallic elements and/or coiiq)osite elements. Alternatively, one or more anchoring 
elements may substituted for, or used in addition to, flie sealing members 360a and 
360b. 

10 In a preferred arrangement, the support member 305, the expansion cone 315, 

the expansion cone launcher 335, the shoe 340, and the e3q>andable tubular member 
355 are provided substantially as disclosed in one or more of the earlier mentioned 
cross-referenced applications, the disclosures of which are incorporated herein by 
reference. 

15 As ilhistrated in Fig. 2b, in a preferred arrangement, during placement of tiie 

apparatus 300 within tiie wellbore 10, fluidic materials 365 within the wellbore 10 
are conveyed throug^i the qyparatus 300 through the passages 310, 320 and 345 to a 
location above tiie apparatus 300. In this manner, surge pressures during placement 
of the apparatus 300 within the wellbore 10 are reduced. The q>paratus 300 is 

20 initially positioned witiiin the wellbore 10 such that the top portion of the tubular 
member 355 overlaps witii the preexisting casing 15. In this manner, tiie vippcr 
portion of tiie expandable tubular memb^ 355 may be radially expanded into 
contact witii and coupled to the preexisting casing 15. As will be recognized by 
persons having ordinary drill in die art, the precise initial position of tiie expandable 

25 tubular member 355 will vary as a functicm of the amount of radial expansion, the 
amount of axial shrinkage during radial expansion, and the material properties of the 
expandable tubular member. 

As illustrated in Fig. 2c, a fluidic material 370 may tiien be injected flirou^ 
tfie apparatus 300 tinou^ the passages 310, 320, and 345 m order to test the proper 

30 operation of tiiese passages. 
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As illustrated in Fig. 2d, a hardenable fluidic sealing matwial 375 may then 
be injected through tiie apparatus 300 through the passages 310, 320 and 345 into 
the annulus between the apparatus and the wellbore 10. In this manner, an annular 
barrier to fluid migration into and out of the wellbore 1 0 may be formed around the 
radially expanded expansion cone launcher 335 and expandable tubular member 
355. The hardenable fluidic sealing material may include, for exanq>le, a cement 
mixture. Altmrntively, the injection of the hardoiable fluidic sealing matmal 375 
may be omitted. In several alternative arrangements, tiie hardmable fluidic sealing 
material 375 is compressible, before, during and/or after, the curing process. 

As illustrated in Fig. 2e, a non-hardenable fluidic material 380 may then be 
injected into die apparatus througji the passages 3 10 and 320. A ball plug 385, or 
otfier similar device, may then be injected with the fluidic material 380 to Aereby 
seal off the passage 345. In this manner, the region 350 may be pressurized by the 
continued injection of the fluidic material 380 into the apparatus 300. 

As illustrated in Fig. 2f, die continued injection of the fluidic material 380 
into the apparatus 300 causes the expansion cone launcher 335 to be plastically 
deformed and radially expanded offofthe over-expansion insert 330. Indiis 
mannCT, the expansion cone 3 1 5 is displaced relative to the expansion cone launcher 
335 and expandable tubular member 355 in the axial direction. 

Once the radial expansion process has progressed beyond die over-expansion 
iiis^ 330, die radial expansion of die expansion cone launcher 335 and e^qiandable 
tubular member 355 is provided solely by the outer conical surface 325 of the 
expansion cone 315. Note diat the amount of radial expansion provided by die outer 
conical sur&ce 325 of expansion ccme 315 is less tfum the amount of radial 
expansion provided by the combination of the over-expansion in^ 330 and die 
expansion cone 315. In this manner, as illustrated in Fig. 2g, a recess 390 is formed 
in the radially expanded tubidar member 355. 

Alternatively, flie over-expansion insert 330 is removed ftom the recess 390 
by falling out and/or removal using a conventional retrieval tooL In one 
arrangement, die resilient force provided by die resilient members 331a, 331b, 331c, 
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and 33 Id cause the insert 330 to colIq>se in the radial direction and hereby fall out 
of the recess 390. In another arrangement, as illustrated in Fig. 4, one or nK>re 
resilient hooks 395a and 395b are coupled to the bottom of Ae expansion cone 3 1 5 
for retrieving the over-expansion insert 330 during or after the con^letion of the 
radial expansion process. 

After completing the plastic deformation and radial expansion of the tubular 
member 355, the hardenable fluidic sealing material is allowed to cure to tiiereby 
fomi an annular body 400 that provides a barrier to fluid flow into or out of the 
wellbore 10. 

Referring to Fig, 2h, the shoe 340 may then removed by drilling out the shoe 
using a conventional drilling device. A new section of the wellbore 10 may also be 
drilled out in order to permit additional expandable tubular members to be coupled 
to the bottom portion of the plastically deformed and radially expanded tubular 
member 355. 

Refening to Fig. 2j, a tubular member 405 may then be plastically deformed 
and radially expanded using any number of conventional metfiods of radially 
expanding a tubular member. In a preferred arrangement, the upper portion of the 
radially expanded tubular member 405 overlaps witii and mates with the recessed 
portion 390 of the tubular member 355, One or more sealing members 410 may be 
coupled to tiie exterior surface of the upper portion of the tubular member 405. The 
sealing members 410 seal the interfiu^e between the upper portion of tiie tubular 
member 405 and the recced portion 390 of flie tubular member 355. Alternatively, 
the sealing members 410 may include elastomeric elements and/or metallic elements 
and/cnr coixq>osite elements. One or more anchoring elements may substituted for, or 
used in addition to, the sealing members 410. In a preferred arrangement, an 
annular body 415 of a hardenable fluidic sealing material is also formed around the 
tubular member 405 using one or more conventional mettiods. 

In a preferred arrangement, the tubular member 405 is plastically deformed 
and radially expanded, and the annular body 415 is ftnrmed using one or more of ttie 
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apparatus and mefliods disclosed in the earlier mentioned cross-refeienced 
applications, the disclosures of which are incorporated herein by reference. 

Altonatively, the annular body 41 5 may be omitted. The annular body 4 1 5 
may be radially compressed before, during and/or after curing. 

Reforing to Fig. 2j, an expansion cone 420 may then be driven in a 
downward direction by fluid pressure and/or by a siqsport member 425 to plastically 
deform and radially expand the tubular member 405 such that the interior diameter 
of the tubular members 355 and 405 are substantially equal. In this manner, as 
illustrated in Fig. 2k, a mono-diameter wellbore casing may be formed. 

Referring to Figs 5a-5b, in an alternative arrangement, a tubular member 500 
having a shoe 505 may be plastically deformed and radially expanded and tfiereby 
coi^led to the preexisting section of wellbore casing 1 5 using any number of 
conventional methods. An annular body of a fluidic sealing matwial 510 may also 
be formed around the tubular member 500 using any numbo- of cmventional 
methods. In a preferred arrangement, the tubular member 500 is plastically 
deformed and radially expanded and tiie annular body 510 is formed using one or 
mwe of the methods and apparatus disclosed in one or more of the earlier mentioned 
cross-referenced applications, ±e disclosures of whidi are incorporated herein by 
reference. 

In several alternative arrangements, Ae annular body 510 may be omitted or 
may be conqiressible before, during, or after curing. 

Referring to Figs. 5c and 5d, a conventional inflatable bladder 515 may ihea 
be positioned widim Ae tubular member 500 and inflated to a sufficient operating 
ptessme to plastically defcnm and radially expand a portion of Ae tubular member 
to diereby form a recess 520 in Ae tubular member. 

Referring to Figs. 5e and 5f, the inflatable bladder 515 may Aen be removed 
and Ae shoe 505 drilled out using a conventional drilling device. 

Referring to Fig. 5g, an additional tubular member 525 may then be 
plastically deformed and radially expanded in a conventional manner and/or by 
using one or more of Ae meAods and apparatus desoibed above in order to form a 
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mono-diameter wellbore casing. Before, during or after the radial expansion of the 
tubular member 525, an annular body 530 of a fluidic sealing matoial may be 
fbnned around the tubular member in a conventional manner and/or by using one or 
more of the methods and apparatus described above. 
5 Alternatively, the inflatable bladder 515 nay be coupled to the bottom of an 

expansion cone in order to pmnit the ov^*expansion process to be performed 
during the radial expansion process implemented using the e}q)ansion cone. 

Referring to Figs 6a-6b, in an alternative arrangement, a tubular member 600 
having a shoe 605 may be plastically deformed and radially expanded and thereby 
10 coupled to the preexisting section of wellbore casing 15 using any number of 

conventional methods. An annular body of a fluidic sealing material 610 may also 
be formed around the tubular member 600 using any number of conventional 
methods. The tubular membo- 600 is plastically defmned and radially expanded 
and the armular body 610 is formed using one or more of the methods and apparatus 
1 5 disclosed in one or more of the earlier mentioned cross-referenced qyplications, the 
disclosures of which are incorporated herein by refwence. 

In several alternative arrangements, the annular body 610 may be omitted or 
may be conq>ressible before, during, or aftor curing. 

Referring to Figs. 6c and 6d, a conventional roller expansion device 615 may 
20 then be positioned within the tubular member 600 and operated iii a conventional 
maimer apply a radial force to the interior sur&ce of die tubular number 600 to 
plastically deform and radially expand a portira of the tubular member to thereby 
form a recess 620 in the tubular member. As will be recognized by pmons having 
ordinary skill in the art, a roller expansion device typically utilizes one or mon 
25 rollers diat, through rotation of the device, q>ply a radial force to the interior 
sur&ces of a tubular member. The roller expansion device 615 may include 
eccentric rollers such as, for example, as disclosed in U.S. Pat Nos. 5,014,779 and 
5,083,608, the disclosures of which are incorporated herein by reference. 

Referring to Figs. 6d and 6e, the roller expansion device 615 may then be 
30 removed and the shoe 605 drilled out using a conventional drilling device. 
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Referring to Fig. 6f, an additional tubular member 625 may then be 
plastically deformed and radially expanded in a conventional manner and/or by 
using one or more of ttie methods and apparatus described above in order to form a 
mono-diameter wellbore casmg. Before, during or after the radial expansion of the 
tubular member 625, an annular body 630 of a fluidic sealing material may be 
formed around the tubular member in a conventional manner and/or by using one or 
more of the methods and aiipaiatus desmbed above. 

Alternatively, the roller expansion device 615 may be coupled to the bottom 
of an expansi(»i caae in order to permit Ae over-expansion process to be poformed 
during the radial expansion process inqilemented using the expansion cone. 

Referring initially to Fig. 7a, a wellbore 10 includes a preexisting wellbore 
casing 15. The wellbore 10 may be oriented in any orientation from the vertical to 
the horizontal. The preexisting wellbore casing 1 5 may be coupled to the vpper 
p(Rlion of the wellbore 10 using any number of conventional methods. In a 
preferred arrangement, flie wellbore casing 1 5 is coupled to tiie upper portion of the 
wellb<m 1 0 using one or more of the methods and f^jparatus disclosed in one or 
vnon of the earlier mentioned avss-referenced applicati<ms, the disclosures of 
which are mcoiporated herein by reference. More generally, the jneexisting 
wellbore casing 15 may be coi^led to another preexisting wellbore casing and/or 
may include one or man concentrically positioned tubular menibers. 

Referring to Fig. 7b, an q^paratus 700 far radially expandmg a tubular 
member may then be positioned within the wellbore 1 0. The apparatus 700 includes 
a tubular support member 705 defining a passage 710 for conveying fluidic 
materials. An expansion cone 715 defining a passage 720 and having an outer 
conical surfece 725 for radially expanding tubular members is coupled to an end of 
die tubular siq)port number 705. 

An expansion cone laundier 735 is movably coiq)led to and si^>poited by the 
expansion cone 715. The expansion c<me launcher 735 includes an upper portion 
735a having an vppa outer diameter, an intermediate portion 735b that mates with 
die expansion cone 71 S, and a lower portion 735c having a lower outer diameter. 
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The lower outer diameter is greater than the upper outer diameter. The expansion 
cone launcher 735 further includes a recessed portion 735d having an outer diameter 
that is less tfian the lower outer diameter. 

A shoe 740 defining a valveable passage 745 is coupled to the lower portion 
of the expansion cone launcher 735. The valveable passage 745 may be controllably 
closed in order to fluidicly isolate a region 750 below tibe e)q>ansion cone 715 and 
bounded by the lower portion 735c of the expansion cone launcher 735 and the shoe 
740 from die region outside of the apparatus 700. 

An expandable tubular member 755 is coiq)led to the upper portion 735a of 
tfie expansion cone launcher 735. One or man sealing numbers 760a and 760b 
may be coupled to the extoior of the upper portion of the expandable tubular 
member 755. The sealing members 760a and 760b may include elastomeric 
elements and/or metallic elements and/or conqiosite elements. Alternatively, one or 
more anchoring elemmts may substituted fw, or used in addition to, flie sealing 
members 760a and 760b. 

In a preferred anrangement, the siq>port member 705, the expansion cone 
715, the e}q)ansion cone launcher 735, the shoe 740, and tiie expandable tubular 
member 755 are provided substantially as disclosed in one or more of the earlier 
mentioned cross-referraiced qjplications, the disclosures of which are incorporated 
herein by reference. 

As ilhistrated in Fig. 7b, during placemoit of flie apparatus 700 within tfie 
wellbore 10, fluidic materials 765 wiftin flie wellbore 10 are conveyed dirough Ae 
apparatus 700 through the passages 710, 720 and 745 to a location above the 
appaialds 700. In fliis manner, surge jnessures during placement of Ae qjparatus 
700 wifliin tbe wellbore 10 are reduced. The qiparatus 700 is initially positioned 
within the wellbore 10 such that the top portion of the tubular member 755 overliqjs 
wiA die preexisting casing 15. In this manna-, the iqiper portion of the expandable 
tubular member 755 may be radially expanded into ctmtact with and coupled to the 
preexistmg casing 15. As will be recognized by persons having ordinary skill in the 
art, the precise initial position of die expandable tubular member 755 will vary as a 
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function of the amount of radial expansion, the amount of axial shrinkage during 
radial expansion, and the material prop^es of flie expandable tubuho- memba. 

As illustrated in Fig. 7c, a fluidic material 770 may fliai be injected throu^ 
the apparatus 700 through the passages 710, 720, and 745 in order to test the proper 
operation of tiiese passages. 

As illustrated in Fig. 7d, a hardenable fluidic sealing material 775 may then 
be injected through the apparatus 700 through the passages 710, 720 and 745 into 
the annulus between the apparatus and the wellbore 10. In this manner, an annular 
barrier to fluid migration into and out of the wellbore 10 may be formed around the 
radially expanded expansion cone launcher 735 and expandable tubular member 
755. The hardenable fluidic sealing material may include, for exanq>le, a cement 
mixture. Alternatively, the injection of ttie hardenable fluidic sealing matoial 775 
may be onutted. In several alternative arrangements, the hardoiable fluidic sealing 
material 775 is conqiressible, before, during and/or after, ttie curing process. 

As illustrated in Fig. 7e, a non-hardenable fluidic material 780 may fhea be 
injected into the iqjparatus through the passages 710 and 720. A ball plug 785, or 
other similar device, may then be injected wiA flie fluidic material 780 to diereby 
seal off ^ passage 745. In this manner, die region 750 may be pressurized by the 
continued injection of tiie fluidic material 780 mto the apparatus 700. 

As illustrated in Figs. 7f and 7g, the continued injection of the fluidic 
material 780 into the iq>paratus 700 causes the expansimi cone launcher 735 and 
expandable tubular member 755 to be plastically deformed and radially expanded 
off of die expansion cone 715. The resulting structure includes a lip 790. 

After conq)Ieting the pkutic deformation ami radial expansion of die tubular 
membCT 755, the hardenable fluidic sealing material is allowed to cure to thereby 
form an annular body 795 that provides a barrier to fluid flow into or out of die 
wellbore 10. 

Referring to Fig. 7h, die shoe 740 may dien removed by drilling out die slH>e 
using a conventional drilling device. A new section of die weinxne 10 may also be 
drilled out in order to permit additional expandable tubular members to be coupled 
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to the bottom portion of fte plastically deformed and radially expanded tubular 
member 755. 

Referring to Fig. 7i, an additional tubular member 800 may then be 
plastically deformed and radially expanded in a conventional manner and/or by 
using one or more of Ae methods and ^aratus described above in order to form a 
mono-diameter wellbcn^ casing. Before, during or after the radial expansion of the 
tubular member 800, an annular body 805 of a fluidic sealing material may be 
formed around the tubular member in a conventiona] maimer and/or by using one or 
more of tfie methods and apparatus described above. The lip 790 fecilitates the 
coupling of tiie tubular member 800 to flie tubular member 755 by providing a 
region on which tiie tubular member 800 may be easily coupled onto. 

Refming to Fig. 8a, in an alternative airangemmt, a wellbore 10 mcludes a 
preexisting section of wellbore casing 15 and 900. The wellbore casing 900 
includes sealing members 905a and 905b and a recess 910. An annular body 9 1 5 of 
a fluidic sealing material may also be provided around the casing 900. The casing 
900 and annular body 915 may be provided using any number of conventicmal 
methods, the methods described above, and/or using one or more of tfie earlier 
mentioned cross-referenced applications, the disclosures ofwhich are incorporated 
herein by reference. 

Referring to Fig. 8b, an apparatus 1 000 for radially expanding a tubular 
member is then positioned within the wellbore 10 that includes a tubular support 
memb^ 1005 that defines a passage 1010 for conveying fluidic materials. A 
hydraulic locking device 1015 flat defines a passage 1020 for conveying fluidic 
materials fliat is fluidicly coiq>led to die passage 1010. The locking device 1015 
further includes inlet passages, KQOa and 1020b, actuating chambers, 1025a and 
1025b, aiKi locking members, 1030a and 1030b. During operation, flie injecti<m of 
fluidic materials into the actuating chambors, 1025a and 1025b, causes die loddng 
mraibers, 1030a and 1030b, to be displaced outwardly in the radial direction. In tiiis 
manner, the locking device 1015 may be controllably coq>led to a tubular member 
to thereby maintain the tubular member in a substantially stationary position. As 
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will be recognized by persons having ordinaiy skill in the art, the operating 
pressures and physical shape of die inlet passages 1 020, actuating chambers 1 025, 
and locking members 1030 will determine die maximum amount of holding force 
provided by die locking device 1015. Altmiatively, fluidic materials may be 
injected into die locking device 1015 using a dedicated fluid passage in order to 
provide precise control of die locking device. In several alternative arrangements, 
die locking device 1015 may be omitted and the tubular support member 1005 
coupled direcdy to die tubular siqjpwt menaba* 1035. 

One end of a tubular support member 1035 that defines a passage 1040 is 
coupled to die locking device 1015. The passage 1040 is fluidicly coupled to die 
passage 1020. An expansion cone 1045 diat defines a passage 1050 and includes an 
outra- conical surface 1055 is coupled to anodier end of die tubular support member 
1035. An expansion cone launcher 1060 is movably coupled to and supported by 
die expansion cone 1045. The expansion cone launcher 1060 includes an upper 
pmtion 1 060a havmg an upper outside diameter, an intermediate portion 1060b diat 
mates witii die expansion cone 1045, and a lower portion 1060c having a lower 
outside diameter. The lower outside diameto: is greater dian the upper outside 
diameter. 

A shoe 1065 diat defines a valveable passage 1070 is coupled to the lower 
portion 1 060c of the expansion cone launch^ 1 060. In diis manner, a region 1075 
below die expansion cone 1045 and bounded by die expansion cone launcher 1060 
and die shoe 1065 may be pressurized and fluidicly isolated fiiom die annular region 
between the ^>paratus 1000 and die wellbore 10. 

An expandable tubular member 1080 is coupled to the upper portim of die 
ejqiansion cone launcher 1060. In several alternative ar r ange ments, one or imwe 
sealing membos are coupled to die exterior of the upper portion of die eiqMmdable 
tubular member 1080. The sealing membos may include elastomeric elements 
and/or metallic elements and/or conqwsite elements. Altonatively, one or mare 
anchoring elements nay substituted for, or used in addition to, the sealing members. 
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An expansion cone 1085 defming a passage 1090 for receiving the tubular 
support member 1005 includes an outer conical surfue 1095. A tubular support 
member 1 100 defining a passage 1 1 05 for receiving the tubular support member 
1005 is coiq>led to tiie bottom of ttie expansion cone 1085 for supporting and 
actuating fbs ocpansion cone. 

In a preferred anangement, the support menibers 1005 and 1035, the 
expansion cone 1045, the expansion cone launcher 1060, the shoe 1065, and the 
expandable tubular member 1080 are provided substantiaUy as disclosed in one or 
more of the earlier mentioned cross-referenced applications, the disclosure of 
which are incorporated herein by refomce. 

As illustrated in Fig. 8b, during placement of the apparatus 1000 witiiin flie 
wellbore 1 0, fluidic materials 1110 within the wellbore 1 0 axe conveyed through the 
apparatus 1000 through the pasisages 1010, 1020, 1040 and 1070 to a location above 
the apparatus 1000. In this manner, surge in«ssures during placement of Ae 
apparatus 1000 within the wellbore 10 are reduced. The apparatus 1000 is initially 
positioned witfiin the wellbore 10 such that the top portion of the tubular member 
1080 overlaps with the recess 910 of Ae preexisting casing 900. In this manner, the 
upper portion of the expandable tubular member 1080 may be radially expanded into 
contact with and coupled to the recess 910 of the preexisting casing 900. 

As illustrated in Fig. 8c, a fluidic material 1 1 15 may then be injected through 
the apparatus 1000 through the passages 1010, 1020, 1040, and 1070 in order to test 
tiie proper operation of these passages. 

As illustrated in Fig. 8d, a hardenable fluidic sealing material 1 120 may then 
be injected through the apparatus 1000 through the passages 1010, 1020, 1040, and 
1070 into file annulus between Ae apparatus and Ae wellbore 10. In Ais manner, an 
annular barrier to fluid migration into and out of the wellbore 10 may be formed 
around Ae radially expanded expansion cone launcher 1060 and expandable tubular 
member 1080. The hardenable fluidic sealing material may include, for example, a 
cement mixhne. Alternatively, the injection of the hardenable fluidic sealmg 
material 1 120 may be omitted. In several alternative arrangemoits, Ae hardenable 
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nuidic sealing material 1 120 is coirqwessible. before, during and/or after, the curing 
process. 

As illustrated in Fig. 8e, a non-hardenable fluidic material 1 125 may then be 
injected into the appantas 1000 through the passages 1010, 1020 and 1040. A ball 
plug 1 130, or other similar device, may then be injected with the fluidic material 
1 125 to thereby seal off the passage 1070. In this manner, the region 1075 may be 
pressurized by the continued injection of die fluidic material 1 125 into the apparatus 
1000. Furthermore, in this manner, the actuating chambers, 1025a and 1025b. of the 
locking device 1015 may be pressurized, to this manner, the tubular member 1080 
may be held in a substantially stationary position by the locking device 1015. 

As illustrated in Fig. 8f. the expansion cone 1085 may then be actuated in the 
downward direction by a direct application of axial force using the support member 
1 100 and/or through the application of fluid force. The axial displacement of die 
expansion cone 1085 may plasticaUy deform and radially expand the upper portion 
of the expandable tubular member 1080. to this manner, the upper portion of die 
expandable tubular member 1080 may be precisely coupled to flie recess 910 of die 
preexisting casmg 900. 

During die downward actuation of the expansion cone 1085. die locktog 
member 101 5 preferably prevents axial displacement of die tubular member 1080. 
The locking member 1015 is positioned proximate the upper portion of die tubular 
member 1080 in order to prevent budding of die tubular member 1080 during die 
radial expansion of die upper portion of die tubular member, to an alternative 
arrangement, die lockmg member 1015 is omitted and die mterfetence between die 
intermediate portion 1060b of die expansion cone hnmcher 1060 and die expansion 
cone 1045 prevents die axial displacement of die tubular member 1080 during die 
radial expansion of die upper portion of die tubular member. 

As illustrated in Fig. 8g, die expansion cone 1085 and 1 100 may dicn be 
raised out of die wellbore 10. 

As illustrated in Fig. 8h. die continued injection of die fluidic material 1 125 
into die apparatus 1000 may dien cause die expansion cone launcher 1060 and die 
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expandable tubular member 1080 to be plastically deformed and radially expanded 
off of the expansion cone 1045. In fliis manner, the expansion cone 1045 is 
displaced relative to the expansion cone launcher 1060 and expandable tubular 
member 1080 in the axial direction. The axial forces seated during the radial 
5 expansion process are greater than the axial forces generated by the locking device 
1015. As will be recognized by persons having ordinary skill in the art, the precise 
relationship between these axial forces will vary as a function of Ae operating 
characteristics of tiie locking device 1015 and the metallurgical properties of the 
expansion cone launcher 1060 and expandable tubular 1080. In an alternative 
10 arrangement, the operating pressures of the actuating chambers, 1025a and 1025b, 
and the region 1075 are separately controllable by providing separate and dedicated 
fluid passages for pressurizing each. 

As illustrated in Fig. 8i, after convicting the plastic deformation and radial 
e7q>ansion of the tubular member 1 080, Ae hardenable fluidic sealing material is 
15 allowedtocuretothereby form an anndar body 1130 that provides a barrier to flu^ 
flow into or out of flie wellbore 10. The shoe 1065 may then removed by drilling 
out the shoe using a conventional drilUng device. A new section of the wellbore 10 
may also be drilled out in order to pemut additional expandable tubular members to 
be coupled to tfie bottom portion of the plastically deformed and radially expanded 
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The annular body 1 130 may be omitted. Alternatively, the annular body 
1 130 may be radially conqiressed before, during and/or after curing. 

Refming to Fig. 8j, the tubular member 1080 may be radially expanded 
again using one or more of the methods described above to provide an mono- 
25 diameter wellbore casing. 

Referring to Fig. 9a, a wellbore 1200 includes an i^iper preexisting casing 
1205 and a lower preexistmg casing 1210. The casings, 1205 and 1210, may further 
include outer annular layers of fluidic sealing materials such as, for exanq)le, 
cement. The ends of flie casings, 1205 and 1210, are separated by a gap 1215. 
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Referring to Fig. 9b. a tubular member 1220 may then be coupled to the 
opposmg ends of flie casings, 1205 and 1210. to thereby bridge the gap 1215. In a 
prefeiTBd arrangement, the tubular member 1220 is coupled to the opposing ends of 
the casings, 1205 and 1210, by plastically deforming and radially expanding the 
tubular member 1220 using one or more of the methods and qypaiatus described and 
referenced above. 

Referring to Fig. 9c, a radial expansion device 1225 may then be positioned 
within the tubular member 1220. In a preferred anangement, the lengdi of the radial 
expansion device 1225 is greater than or equal to the axial length of the tubular 
member 1220. Alternatively, the radial expansion device 1225 may be any number 
of conventional radial expansion devices such as, for example, expansion cones 
actuated by hydrauUc and/or direct axial force, roller expansion devices, and/or 
expandable hydraulic bladders. 

Referring to Figs. 9d and 9e, after actuation and subsequent de-actuation and 
removal of the radial expansion device 1225. the inside diameters of the casings, 
1205 and 1210, are substantially equal to the inside diameter of the tubular member 
1 220. In this manner, a mono-diameter wellbme casing may be fumed. 

Referring to Fig. 10, a wellbore 1300 includes an outer tubular member 1305 
and an inner tubular member 1310. In a prefened anangement. the tubular 
members, 1305 and 1310, are plastically deforaied and radially expanded using one 
or more of the methods and apparatus described and referenced above. In this 
manner, a wellbore casing may be provided whose burst and coUapse stiengtti may 
be precisely controlled by varying the number, thickness, and/or material properties 
of die tubular members, 1 305 and 1310. 

Referring to Fig. 1 la. a wellbore 1400 includes a casing 1405 diat is coupled 
to a preexisting casing 1410. One or more sealing members 1415 are coupled to the 
exterior of the upper portion of the tubular member 1405 in order to optimally seal 
the interface between the tubuhr member 1405 and the preexisting casing 1410. In 
a preferred arrangement, die tubular membw 1 405 is plastically deformed and 
radially expanded using conventional methods and/or one or more of the methods 
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and apparatus described and referenced above. The outside diameter of the tubular 
member 1405 prior to the radial expansion process is ODo, the wall diickness of the 
tubular member 1405 prior to the radial expansion process is tb, the outside diameter 
of Ae tubular member following the radial expansion process is OD,, and the wall 
thickness of the tubular member following Ae radial expansion process is ti. 

Referring to Fig. 1 lb, a tubular member 1420 may then be coupled to the 
lower portion of ttie tubular member 1405 by plastically deforming and radially 
expanding the tubular member 1420 using conventional methods and/or one or more 
of the methods and qiparatus described and referenced above. In a preferred 
arrangement, tiie exterior surfece of the vpper portion of tiie tubular member 1420 
includes one or mwe sealing members for sealing ttie mterfece between the tubular 
member 1420 and flie tubular member 1405. 

Referring to Fig. 1 Ic, lower portion of the tubular member 1405 and Ae 
tubular member 1420 may be radially expaxtdsd again to provide a mono-diameter 
wellbore casing. The additional radial expansion may be provided using 
conventional methods and/or one or mote of the metfiods and ^jparatus desmbed 
and referenced above. In one arrangemrait, the outside diameter and wall diickness 
of the lower portimi of the tubular member 1405 after die additional radial 
expansion process are ODj and t2. 

The radial expansion process of Figs. 1 lb-1 Ic can then be repeated to 
provide a mono-diameter wellbore casing of virtually unlimited lengtti. 

Alternatively, the ordering of the radial expansions of the tubular members, 
1405 and 1420, may be changed. For example, the first tubular member 1405 may 
be plastically deformed and radially expanded to provide a lower portion having tfie 
outside diameter ODj and die remahung portion having the outside diameter 0D| . 
The tubular member 1420 may then be plastically deformed and radially expanded 
one or more times until the inside diametera of die tubular menibere, 1405 and 1420, 
are substantially equal The plastic deformations and radial e}q»nsions of die 
tubular membos, 1405 and 1420, may be provided using conventional methods 
and/or one or more of die mediods and appantxjs described and referoiced above. 
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The total expansion strain E of the tubular member 1405 may be expressed 
by the following equation: 

E^(OD,-OD^)tOD, (1) 
where OD© = original outside diameter; 

0D| = outside diameter after 1" radial expansion; and 
0I>2 = outside diameter after 2"^ radial expansion. 
Furthermore, where: (1) the exterior surface of the upper portion of the 
tubular member 1420 includes sealmg members, and (2) the radial spacing between 
the tubular member 1405 and the weBbore 1400 prior to the first radial expansion is 
equal to d, the outside diameters, OD, and OD2, of the tubular member 1405 
following tfie first and second radial expansions may be expressed as: 

OD, = OZ><, + 2</+2r, (2) 
ODj = QO, + 2J?+ 2f2 (3) 

where ODo = die original outside diameter of die tubular member 
1405; 

ODj = die outside diameter ofthe tubular member 1405 

following the first radial expansion; 
OD2 = die outside diameto- of die tubular member 1405 

following the second radial expansion; 
d = the radial spacing betweoi die tubular member 

1405 and the wellbore prior to the first radial 

expansion; 

t| = die wall thidcness of die tubular member 1405 
after die first radial expansion; 

t2 = die wan diicknessofdie tubular member 1405 
after die second radial expansion; and 

R = die thickness of sealing member provided on die 
exterior surftce of the tubular member 1420. 
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Furtheraiore, for d approximately equal to 6.35 nun (0.25 inches) and R 
approximately equal to 2.54 mm (0. 1 inches), equation (1) may be approximated as: 

£=(17.78inw+3/o)/QD|, orE = (o.T+3Jto)/OD^ (4) 

where to = the original wall thickness of the tubular 

member 1405. 

The total expansion strain of the tubular member 1405 should be less than or 
equal to 0.3 in order to maximize the burst and collapse strength of the expandable 
tubular member. Therefore, from equation (4) the ratio of the original outside 
diameter to fbe original wall thickness (OD(/to) tnay be expressed as: 
OD/t„ ^ 3.8C0.3-17.78«m/QDo) or 
OZV'o^3.8/{o.3-0.7/QDJ,) 

For ODo less than 0.254 x lO'^m (10 inches), the optimal ratio of the origmal 
outside diameter to the original wall thickness (ODq/Io) may be expressed as: 

m,it,>.\i (6) 

In this manner, for ^ical tubular members, tiie burst and collapse strength 
of Ae tubular members following one or more radial expansions are maximized 
when the relationship in equation (6) is satisfied. Furthermore, the relationships 
expressed in equations (1) through (6) are valid regardless of the order or type of the 
radial expansions of the tubular member 1405. More generally, the relationships 
expressed m equations (1) througjh (6) may be applied to the radial expansion of 
structures having a wide range of ivofiles such as, for exanq>le, triangular, 
rectangular, and oval. 
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CLAIMS 

1 . An apparatus for plastically deforming and radially expanding a tubular 
member, comprising: 

means for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter; and 

means for plastically deforming and radially expanding a second portion of the 
tubular membo- to a second outside diameter, 

wherein the means for plastically deforming and radially expanding the first 
portion of the tubular member to the first outside diameter is fiangible. 

2. An apparatus for plastically deforming and radially expandmg a tubular 
mranber, conqnising: 

means for plastically defi»rming and radially expanding a first portion of the 
tubular member to a first outside diameter, and 

means for ptasticaUy defiwming and radially expanding a second portion of the 
tubular number to a second outside diam^; 

wherein the means for plastically deforming and radially expanding the first 
portion of the tubular merriber to the first outside diameter is elastic. 

3. An apparatus for forming a weUbore casing within a wellborn, con^msing: 
means for supporting a tubular member within the wellbore; 

means for plastically defomiing and radially expanding a first portion of the 
tubular member to a first outside diameter, and 

means for plastically deforming and radially expanding a second portion of the 
tubular membCT to a second outside diameter, 

wherein the means fijr plasticaUy deforming and radially expanding the first 
portion of the tubular member to flie first outside diameter is frangible. 

4. An apparatus for formmg a wellbore casing within a wellbore, comprising: 
means for supportmg a tubular member within the wellbore; 
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means for plastically deforming and radially expanding a first portion of the 
tubular number to a first outside dian^er; and 

means for plastically deforming and radially expanding a second p(Htion of the 
tubular member to a second outside diameter; 

wherein the means for plastically defonning and radially expanding the first 
portion of the tubular member to the first outside diameter is elastic. 
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